Background-Statins reduce the rates of heart attacks, strokes, and revascularization procedures (ie, major vascular events) in a wide range of circumstances. Randomized controlled trial data from 20 536 adults have been used to estimate the cost-effectiveness of prescribing statin therapy in the United States for people at different levels of vascular disease risk and to explore whether wider use of generic statins beyond the populations currently recommended for treatment in clinical guidelines is indicated. Methods and Results-Randomized controlled trial data, an internally validated vascular disease model, and US costs of statin therapy and other medical care were used to project lifetime risks of vascular events and evaluate the cost-effectiveness of 40 mg simvastatin daily. For an average of 5 years, allocation to simvastatin reduced the estimated US costs of hospitalizations for vascular events by Ϸ20% (95% CI, 15 to 24) in the different subcategories of participants studied. At a daily cost of $1 for 40 mg generic simvastatin, the estimated costs of preventing a vascular death within the 5-year study period ranged from a net saving of $1300 (95% CI, $15 600 saving to $13 200 cost) among participants with a 42% 5-year major vascular event risk to a net cost of $216 500 ($123 700 to $460 000 cost) among those with a 12% 5-year risk. The costs per life year gained with lifetime simvastatin treatment ranged from $2500 (Ϫ$40 to $3820) in people aged 40 to 49 years with a 42% 5-year major vascular event risk to $10 990 ($9430 to $14 700) in people aged 70 years and older with a 12% 5-year risk. Conclusions-Treatment with generic simvastatin appears to be cost-effective for a much wider population in the United States than that recommended by current guidelines. (Circ Cardiovasc Qual Outcomes. 2009;2:65-72.)
L arge randomized trials have shown that lowering blood levels of low-density lipoprotein (LDL) cholesterol with statin therapy substantially reduces rates of heart attacks, strokes, and revascularization procedures for a wide range of individuals. 1 The US Adult Treatment Panel III guidelines recommend the initiation of statin therapy for people with preexisting coronary heart disease or "risk equivalents" (ie, other clinical atherosclerotic disease, diabetes, or other risk factors) who are at a 10-year risk of nonfatal myocardial infarction or coronary death (major coronary events [MCE] ) higher than 20%, and in those with LDL cholesterol levels above 130 mg/dL who are at a 10-year MCE risk of at least 10%. 2, 3 Previous reports from the Heart Protection Study (HPS) indicated that, in the United Kingdom, lower-priced generic 40 mg simvastatin daily is cost-effective for individuals aged 35 to 85 years at a 5-year risk of major vascular events (MVE, ie, nonfatal myocardial infarction or coronary death, any stroke or revascularization procedure) risk as low as 5% (ie, Ϸ1% per annum). 4, 5 Clinical Perspective see p 72
Generic statins are now available in the United States and, at generic prices, statins are expected to be cost-effective at lower levels of risk. Although HPS was conducted in the United Kingdom, its clinical findings are directly applicable to other parts of the world. By contrast, the previous costeffectiveness estimates from HPS based on UK costs cannot be applied directly to the US setting, because the costs of health care and statin treatment may well differ. The objective of the present report is to use individual participant data from HPS and healthcare costs from the United States to estimate the cost-effectiveness of prescribing generic simvastatin in the US healthcare setting for people at different levels of vascular disease risk.
Methods
In HPS, 20 536 UK men and women, aged Ϸ40 to 80 years, with blood total cholesterol concentrations of at least 135 mg/dL (3.5 mmol/L) and a medical history of coronary disease, cerebrovascular disease, other occlusive arterial disease, diabetes mellitus, or treated hypertension were randomized to 40 mg simvastatin daily or placebo for an average of 5 years. 6 Following randomization, data were prospectively collected from participants about compliance with study statin, use of nonstudy statin, and all hospital admissions during and after the scheduled study treatment period. As in previous analyses, 4, 5 cost-effectiveness estimates are presented for trial participants grouped into similar-sized quintiles of estimated 5-year MVE risk that range from 12% to 42% (corresponding to 10-year risks of 8% to 39%, respectively, for MCEs, which are the basis of the Framingham risk score used to guide treatment 2 ). Risk quintiles were further subdivided by age at randomization (40 to 49, 50 to 59, 60 to 69, and 70 years and older) to allow for the differential effect of age on both disease risk and life expectancy. 8 and average Medicare facilities fees for initial and subsequent hospital care and hospital discharge. 9 Physician fees for in-hospital diagnostic and surgical procedures were based on the number and type of procedures recorded during HPS hospital admissions, the general description of DRGs, and the Medicare reimbursements for these procedures. 9 A sensitivity analysis used the 2001 MEDSTAT healthcare reimbursements per DRG, 10 with a proportionally increased estimate of Medicare physician and procedure fees to assess cost-effectiveness of 40 mg simvastatin from the perspective of the private US healthcare insurer.
Costs
A daily price of $1 was used in the main analyses for the study simvastatin 11 as well as for any nonstudy statin used during the study. Scenario analyses used the 2006 average US wholesale proprietary statin prices (eg, $5.25 for 40 mg simvastatin daily) 12 and, for future lifetime use, a projected generic price of $0.20 for 40 mg simvastatin daily to explore the sensitivity of the costeffectiveness results to drug cost. Although statin treatment affected the risk of an event occurring, it did not appear to affect the hospitalization costs conditional on an event having occurred (ie, the hospitalization costs of a particular event were not significantly different between those allocated statin or placebo). 5 Costs of hospitalizations for nonvascular events or of concomitant medication were not included in the within-trial cost-effectiveness analyses, because these costs were not significantly different in the intentionto-treat comparison of simvastatin versus placebo. 4, 6 In the lifetime analysis, however, hospitalization costs for nonvascular conditions were included, based on a study of public insurer healthcare expenditures in the United States, 13 because increased life expectancy with statin therapy could lead to higher lifetime nonvascular costs. These costs were proportionately increased when the perspective of US private healthcare insurers was used. A further scenario explored the effect of including nonhospital costs related to nonfatal stroke using data from a study by Lee et al. 14 
Within-Trial Cost-Effectiveness
Intention-to-treat comparisons were made for hospitalization and statin costs during the scheduled study treatment period. Previous analyses of HPS had indicated similar proportional reductions of Ϸ25% in the rate of MVEs with allocation to 40 mg simvastatin daily in different categories of participant. 4, 6 Across the different subgroups studied, similar proportional reductions of Ϸ22% in UK hospitalization costs associated with vascular events, and similar absolute differences in the costs of statin treatment, were also observed between the study treatment groups. 4 Consequently, it was hypothesized that the proportional reductions in US hospitalization costs associated with vascular events, and the absolute differences in US costs of statin treatment between the study treatment groups, would also be similar across different subcategories of participant. Hence, the absolute reduction in the US costs of vascular event hospitalizations in any particular subgroup was derived by applying the overall proportional reduction in vascular event costs observed among all participants to the vascular event costs observed in the placebo group for that particular subgroup. Absolute reductions in vascular deaths within subgroups were estimated similarly.
Lifetime Cost-Effectiveness
Details have already been reported on the Markov vascular disease state transition model that was developed and validated using individual participant data from the 20 536 participants in HPS. 5 In brief, baseline risk factors, allocation to statin or placebo, and within-study experience of vascular events were used to predict annual risks of 3 main types of events: (1) vascular death, defined as coronary death, fatal stroke, or other vascular death; (2) nonfatal MVE, defined as nonfatal myocardial infarction, nonfatal stroke, or arterial revascularization; and (3) other vascular event, defined as admission for angina, heart failure, or other cardiac or vascular problem. Statin therapy was estimated to affect vascular event risk as a consequence of the change it produced in LDL cholesterol. During the course of HPS, a proportion of participants allocated to simvastatin stopped taking statin therapy (18% by the end of the study), and a proportion of those allocated to placebo started taking nonstudy statin (32% by the end of the study). 6 Thus, the observed LDL cholesterol difference between the 2 arms was gradually reduced during the trial compared with the difference achieved by full compliance. The treatment allocation variables in the annual vascular event risk models allowed for this noncompliance to estimate the effect of actually taking statin therapy. Separate treatment effects were evaluated for the 3 categories of vascular event, but these effects were the same for first and subsequent events in the same category. Annual rates of vascular events predicted from the model were internally validated against those observed during the 5-year scheduled treatment period of HPS. 5 Mortality rates for nonvascular causes were estimated from official life-table data for the United States after removal of vascular deaths. 16 A two-part regression model 17 that included age, gender, disease history, and other individual baseline characteristics was used to evaluate annual hospitalization costs associated with the predicted vascular events in the Markov model.
The Markov model was used to predict the annual occurrence of vascular or nonvascular death, nonfatal MVEs and other vascular events, and the annual hospitalization costs with and without lifetime use of 40 mg simvastatin daily, and to evaluate the gains in life expectancy and lifetime cost-effectiveness of 40 mg simvastatin daily versus no statin treatment among people at different ages and underlying levels of vascular disease risk. Parameter uncertainty in the estimates of life years gained, hospitalization cost savings, and cost per life year gained was assessed by nonparametric bootstrapping of the event and cost equations used in the model. 18 Future benefits (ie, vascular deaths avoided and life years gained) and costs were discounted at the recommended annual rate of 3%. 19 The effects of changing selected analytic parameters on the costeffectiveness estimates were assessed. First, the predicted life expectancy was adjusted for age-and gender-specific health-related quality of life derived from a representative sample of the US population in the Agency for Healthcare Research and Quality's Medical Expenditure Panel Survey. 20, 21 Second, an assessment was carried out for the impact on cost-effectiveness estimates of persistent use of statin therapy declining to 35% by the sixth year after initiation (ie, persistence during each of the first 5 years of 80%, 70%, 60%, 50%, 40%, and 35% thereafter). Finally, the cost-effectiveness of lifetime use of generic 40 mg simvastatin at $0.20 per day was assessed. Further extrapolation was made (as in the UK setting 5 ) to 5 years beyond the eligible age limits for HPS (ie, down to 35 years and up to 85 years) and to vascular risk down to a 5-year MVE risk of 5% (compared with the 12% risk in the lowest quintile of HPS). The analyses were performed using SAS, Stata, and Excel computer software programs.
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Results

Within-Study Analysis
Random allocation to simvastatin in HPS produced a very highly significant 25% (95% CI, 20 to 29; PϽ0.0001) proportional reduction in the rate of MVE, with similar reductions of about one quarter observed in a variety of different subgroups, 4 including quintiles of vascular disease risk ( Figure 1A ). There was also a highly significant 20% (CI, 15 to 24; PϽ0.0001) proportional reduction in the estimated US costs of hospitalizations for vascular events, with similar effects observed across the risk subgroups studied ( Figure 1B) .
The numbers of days per person on study or nonstudy statin treatment during the scheduled 5-year study period are reported in Table 1 . At $1 per day for statin therapy, the overall difference in the discounted cost of statin use between the treatment groups was $1297 (SE 7) per person, with the absolute difference in statin costs in any of the risk subgroups not materially different from this overall estimate (Table 1) . At 2006 average US wholesale statin prices (ie, $5.25 daily for 40 mg proprietary simvastatin), the difference in the discounted cost of statin use between the treatment groups would be increased to $7026 (SE 34) per person.
As simvastatin allocation was associated with similar proportional reductions in vascular events among people in the different subgroups studied, more vascular events and their associated costs were avoided in higher-risk groups, which offset more of the costs of statin therapy and yielded lower net costs of treatment in those at a higher risk ( (17) All patients 1534 237 1297 (7) *Total days on statin could mean that both study and nonstudy statin were taken, as Ϸ40% of the participants in the simvastatin group who took nonstudy statin continued to take study simvastatin.
†Statin at $1 per day; costs discounted at 3% per annum.
to 67 800), this result masks substantial variation between the risk subgroups ( Table 2 ). For example, among individuals with a 42% 5-year risk of MVEs, allocation to simvastatin was estimated to be cost saving, with an average net reduction in cost of $1300 (CI, $15 600 saving to $13 200 cost) per vascular death avoided. By contrast, among those with a 12% 5-year risk, the cost per vascular death avoided was estimated to be $216 500 (CI, $123 700 to $460 000 cost). If the private insurer perspective of hospital costs is considered, then allocation to generic simvastatin appears to save money during the 5-year study treatment period in all but the lowest risk quintile subgroup ( Table 3 ). The addition of nonhospital stroke-related Medicare costs did not materially change the main results ( Table 3 ). The price of simvastatin has the largest impact on the findings: at the 2006 average US proprietary price of $5.25 daily, the cost of avoiding a vascular death with 40 mg simvastatin ranges between $191 600 and $1 660 900 in the highest and lowest risk quintiles (Table 3 ).
Lifetime Analysis
Assuming that the effect of statins on vascular events observed during HPS is maintained with continued treatment for the patient's lifetime, the Markov model was used to project gains in life expectancy and the incremental cost of lifetime simvastatin therapy within quintiles of 5-year risk of MVE subdivided by age at initiation of treatment. The estimated discounted life years gained with 40 mg simvastatin daily ranged between 0.47 (CI, 0.26 to 0.68) years for people aged 70 years or older with a 12% 5-year MVE rate to 1.33 (CI, 0.76 to 1.89) years for those aged 40 to 49 years with a 42% 5-year MVE rate (Table 4 ; which also gives the age-related values for 10-year risk of MCE in these MVE risk groups). Although continued use of 40 mg generic simvastatin increased lifetime costs, the cost per life year gained was below $11 000 for each of the risk and age categories included in HPS. Indeed, the upper limits of the 95% CIs for all risk and age groups were below $15 000 per life year gained ( Table 4) .
Although HPS did not collect quality-of-life information, adjustments were made for age-and gender-specific healthrelated quality of life using data from a representative sample of the US population. The quality-adjusted estimates for lifetime use of 40 mg generic simvastatin daily ( Table 5 ) did not differ materially from the unadjusted estimates. If the usual daily price of generic 40 mg simvastatin falls to $0.20, the additional cost per quality-adjusted life year is estimated to be under $5500 for people at a 5-year MVE risk of 12% (ie, lowest risk quintile in the HPS) or higher ( Table 5 ). The estimated costs per life year gained if long-term persistence with 40 mg generic simvastatin daily declined to 35% after 5 years were also similar to those for continued lifetime treatment, with both costs and benefits proportionally reduced (Table 5) . Again, however, the use of 40 mg proprietary simvastatin at $5.25 per day had a large impact, with estimates ranging from $19 100 to $52 300 per life year gained across the risk and age groups studied ( Table 5 ). When the private insurer perspective of hospital costs was considered, the cost-effectiveness of lifetime use of 40 mg generic simvastatin daily remained similar, because the larger reductions in vascular hospitalization costs were offset by larger nonvascular hospitalization costs associated with the increased life expectancy produced by statin therapy (data not shown).
Further extrapolation indicates that lifetime use of generic 40 mg simvastatin daily is cost-effective for people below and above the age range represented in HPS, with levels of 5-year MVE risk down at least to 5% (see Italic figures of Table 6 ). The estimated costs per quality-adjusted life year gained ranged between Ϸ$20 200 and $18 700 for individuals at a 5-year MVE risk of 5% who were aged between 35 and 85 years at initiation. At a daily generic 40 mg simvastatin cost of $0.20, the additional cost per quality-adjusted life year for people at 1% MVE risk per annum is predicted to be under $4000 (data not shown).
Discussion
In common with other large statin trials, HPS has shown that statin therapy produces similar proportional reductions in vascular risk per mmol/L reduction in LDL cholesterol among a wide range of patients (including those at different levels of vascular risk and at different presenting levels of LDL cholesterol). 1, 6 The individual participant data from this large study involving 20 536 patients followed for an average of 5 years was used together with the US costs of hospitalizations to assess the cost-effectiveness of using statins in the United States for people at different cardiovascular disease risk and age of initiation of statin therapy. These analyses indicate that at generic prices of $1 per day, the initiation of lifetime 40 mg simvastatin daily in the United States (as in United Kingdom 4,5 ) is very cost-effective for people aged between 40 and 80 years, who have 5-year risks of MVEs as low as 12% (corresponding to 10-year risks of MCE-which are the basis of Framingham risk score used to guide treatment 2 -of Ϸ10%). Indeed, even at a substantially higher proprietary price of $5.25 per day, 40 mg simvastatin daily still appears to be cost-effective in the United States for patients at such levels of risk, albeit with higher costs per life year gained. The within-trial analysis indicates that, from the perspective of a US private health insurer, the use of generic 40 mg simvastatin daily even for only 5 years will result in healthcare savings in 4 of the 5 risk groups studied because of the higher costs of the vascular event hospitalizations avoided. The intervention will also save costs within 5 years across the risk groups studied in the HPS if the usual daily price of generic simvastatin falls significantly, independently of the perspective of the analysis. A recent study has indicated that, for most individuals who currently receive statin therapy in the United States, simvastatin is a viable treatment alternative for achieving the LDL cholesterol level goal currently recommended by the US Adult Treatment Panel III. 22 The results reported here show that initiating generic simvastatin treatment in accordance with those recommendations is very cost-effective. Indeed, extrapolation beyond the age and risk levels studied in HPS indicates that generic simvastatin is likely to be very costeffective in the United States for individuals with annual MVE risks down to 1%, which corresponds to 10-year risks of MCE of only Ϸ4% (Table 6 ). These results differ from a recent estimate of Ϸ$270 000 per quality-adjusted year of life with the use of higher-priced branded statins to achieve LDL cholesterol levels of 160 mg/dL among people in the US population at a low-risk of coronary artery disease. 23 By contrast, our results indicate that generic simvastatin is cost-effective for a much wider population than that currently recommended for routine statin treatment. The absolute risks of vascular events among the participants in HPS may differ from those of similar people in the US, but the estimates of cost-effectiveness reported for different levels of risk are likely to generalize to a wide range of settings using (as in the present analyses) appropriate local data to estimate the risks for particular individuals.
There are a number of possible limitations to these analyses. First, treatment patterns in the United States differ from those in the United Kingdom. For example, the rates of coronary artery bypass grafting and percutaneous coronary interventional procedures tend to be substantially higher in the United States. 24 -26 Although the impact on health outcomes is difficult to predict, these higher rates would have resulted in further savings in costs of hospitalizations with statin therapy. Second, costs for concomitant medications, primary care, and other outpatient care were not included in the analysis. No significant effects of simvastatin allocation on concomitant medication were observed in HPS, whereas no data on primary care and outpatient resource use were collected. Although the observed reduction in vascular events would have also been expected to have an impact on outpatient resource use, the related costs are likely to be small in comparison with the hospitalization costs. 27 Third, HPS did not collect data on the quality of life of participants. Regular safety monitoring did show, however, that 40 mg simvastatin daily was not associated with significantly more reports of muscle (or other) symptoms, and the estimated excess risk of myopathy was only Ϸ1 per 10 000 patients per year of treatment. 4 Although patients and doctors need to be aware that serious muscle problems can occur rarely, 28 this does not materially affect the cost-effectiveness of routine statin use. Consequently, we have presented analyses adjusted only for age-and gender-specific health-related quality of life. No quality-of-life adjustment for cardiovascular events was carried out, but that would probably further improve the estimates of cost-effectiveness of statins. Fourth, interventions that produce larger reductions in LDL cholesterol are likely to produce larger reductions in vascular disease risk than those achieved with 40 mg simvastatin daily in HPS, 29 but may well be more expensive (particularly when patents persist), and their cost-effectiveness requires further study. Finally, the base-case analysis was based on a generic price for simvastatin 40 mg of $1 per day, which is currently available in the United States. It is not yet known where the generic price will settle and, clearly, further reductions in the price of simvastatin would further improve its cost-effectiveness.
In conclusion, the use of 40 mg simvastatin daily in the United States appears to be very cost-effective for individuals (independent of their age) with annual risks of major coronary and other vascular events well below the levels currently required by national guidelines. As a consequence, existing guidelines should be modified to extend statin treatment to a much wider population.
